Background Impulse response analysis of digital coronary angiographic images calculates a parameter known as the mean transit time of the microcirculation (Tmiro). This has been shown to accurately assess the regional microcirculatory response to proximal stenosis in relation to flow. Our goal was to apply impulse response analysis to patients undergoing successful angioplasty and to quantify the induced physiological changes with respect to quantitative angiographic measurements of stenosis dimensions.
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Methods and Results
We studied 24 patients before and after successful single-vessel percutaneous transluminal coronary angioplasty (PTCA). Minimal luminal stenosis area was increased from 0.9+0.6 before PTCA to 4.1±1. V risual assessment of angiographic coronary artery dimensions does not reliably permit accurate evaluation of the hemodynamic significance of coronary stenoses.1-4 A practical angiographic method to measure regulatory changes in regional microcirculatory vasodilation would be additional new information for diagnosis and for guiding strategy during the course of percutaneous transluminal coronary angioplasty (PTCA). Several methods to describe radiographic contrast material kinetics have reported accurate measurement of myocardial perfusion or coronary flow reserve.5 These approaches have focused on the phase of contrast appearance6-'0 or washout,6,7"' area under the time-density curve,7 and total transit time.'2 A major limitation of these methods is that they require further interventions to achieve accurate and reproduc-ible results, ie, power coronary injection to standardize the injection bolus,8"2 atrial pacing for ECG-gated acquisition,9"12 hyperemic stimuli,9"10"12"13 and repeated injections and measurements.9"10'12 These limitations have prevented these methods from widespread use. Impulse Response Analysis
The system impulse response function describes the transit of contrast material from the proximal coronary artery (the input) to the distal myocardial microcirculation (the output). The dispersion is symmetrical about a mean transit time (T.). The highly branched myocardial microcirculation is modeled as a well-stirred mixing chamber, which produces nonsymmetrical dispersion. This is described by a monoexponential decay function with a mean transit time (Tmicro). The lagged normal density function is generated by convolution of the two compartmental functions.
The compartmental transit times were determined by iterative convolution of the model (expressed as a difference equation) with the actual input function, using a fast Fourier transform algorithm and serially adjusting the parameters (Tmi,ro, T=, and a) by a gradient descending method until the best X2 fit with the output curve was obtained.
The microcirculatory compartment is defined by its Tmicro value, which is equal to its distribution volume divided by the flow. In previous work, Ti,, was shown to best correlate with the microcirculatory regulation of flow, whereas the arterial The method of videodensitometric impulse response analysis used to quantify the response of regional myocardial microcirculation has been previously described and validated in the intact canine coronary circulation.14-16 In these studies, impulse response analysis after hand-injected coronary angiograms performed with or without a hyperemic stimulus paralleled regional coronary flow reserve and maximal hyperemic flow in response to increasing severity of proximal stenosis of the LAD and LCx coronary arteries. The Fourteen patients had a history of previous myocardial infarction. These patients had a significantly lower mean arterial pressure both before PTCA (86±15 compared with 106±18 mm Hg for patients without infarction; P<.01) and after (84±11 compared with 98±12 mm Hg; P<.01). There were no other significant differences in hemodynamic, angiographic, or impulse response data in comparison to patients without infarction. Before angioplasty, however, there was tendency for a lower stenosis flow reserve (1.7±0.9 compared with 1.9±1.2 for patients without infarction; P=NS) and Tmicro-1 (8.0±2.4 compared with 9.3±3.6 min-1; P=NS), although minimal stenosis luminal area was roughly identical (0.9 ±0.6 compared with 0.9 ±0.6 mm2; P=NS).
Fourteen patients underwent PTCA of the LAD, 2 of the LCx, and 8 of the right coronary artery. These pre-PTCA post-PTCA 
